Abstract Purpose: The study aimed to develop a gastrointestinal (GI) dysfunction score predicting 28-day mortality for adult patients needing mechanical ventilation (MV). Methods: 377 adult patients from 40 ICUs with expected duration of MV for at least 6 h were prospectively studied. Predefined GI symptoms, intra-abdominal pressures (IAP), feeding details, organ dysfunction and treatment were documented on days 1, 2, 4 and 7. Results: The number of simultaneous GI symptoms was higher in nonsurvivors on each day. Absent bowel sounds and GI bleeding were the symptoms most significantly associated with mortality. None of the GI symptoms alone was an independent predictor of mortality, but gastrointestinal failure (GIF)-defined as three or more GI symptoms-on day 1 in ICU was independently associated with a threefold increased risk of mortality. During the first week in ICU, GIF occurred in 24 patients (6.4 %) and was associated with higher 28-day mortality (62.5 vs. 28.9 %, P = 0.001). Adding the created subscore for GI dysfunction (based on the number of GI symptoms) to SOFA score did not improve mortality prediction (day 1 AUROC 0.706 [95 % CI 0.647-0.766] versus 0.703 [95 % CI 0.643-0.762] in SOFA score alone). Conclusions: An increasing number of GI symptoms independently predicts 28 day mortality with moderate accuracy. However, it was not possible to develop a GI dysfunction score, improving the performance of the SOFA score either due to data set limitations, definition problems, or possibly indicating that GI dysfunction is often secondary and not the primary cause of other organ failure.
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Introduction
Gastrointestinal (GI) problems in critically ill patients are common and associated with impaired outcome [1] [2] [3] [4] . The hypothesis of the gut as a motor of multiple organ failure (MOF) has repeatedly been proposed in the past [5, 6] . Despite this, the pathophysiological role of GI dysfunction in the clinical course of MOF has not been sufficiently investigated. In a recent consensus statement, the working group on abdominal problems (WGAP) of the European Society of Intensive Care Medicine proposed a terminology aiming to provide clinical definitions, although evidence-based criteria for these definitions were limited [7] .
The sequential organ failure assessment (SOFA) score, widely used to assess organ dysfunction in critically ill patients, does not take GI dysfunction into account [8] . A previous single-centre study demonstrated that the addition of a GIF score based on the combination of feeding intolerance (FI) and intra-abdominal hypertension (IAH) to the original SOFA score improved the predictive power of the latter [9] .
The primary aim of this multicentre study was to develop a GI dysfunction score predicting 28-day mortality, among adult mechanically ventilated patients. A secondary aim was to study the possible additive value of GI dysfunction score to SOFA score on outcome prediction. Thus, the hypothesis tested was that symptoms of GI dysfunction could be used as predictors of outcome separately and/or as part of the SOFA score.
Methods

General
In this prospective, observational, multicentre study, 40 ICUs around the world participated. Study units were asked to include consecutive adult patients (18 years and older) with expected duration of MV of at least 6 h. Patients who were spontaneously breathing on admission day were not included, even if they required MV later during their ICU stay. Patients in whom transvesical intraabdominal pressure (IAP) measurements were not possible for any reason, such as previous cystectomy, were excluded. The inclusion period ranged from two to four weeks in the different sites between October and December 2009. Local Ethics Committees for each country approved the study. Informed consent was obtained from next of kin or waived (due to the observational design) according to local ethical rules. The study protocol was endorsed by the clinical trials working group of the World Society of Abdominal Compartment Syndrome (WSACS trial number 013, www.wsacs.org) as well as by the WGAP and ECCRN of the ESICM.
Power analysis based on earlier single-centre study [9] indicated that 343 patients should be analyzed to detect a 5 % increase in the predictive capability between SOFA and GIF score (based on the AUC of the ROC curve of the SOFA score of 0.840 (SD 0.25)). However, as the GIF score for current study was not predefined, but had to be developed during the study, we aimed to enroll 500 patients.
Demographic and base-line clinical data (clinical profile, previous surgery, presence/absence of sepsis [10] , APACHE II-acute physiology and chronic health evaluation II-score [11] and blood lactate concentration) were collected on the day of ICU admission.
Predefined GI symptoms, IAP (minimum, maximum and mean daily values), feeding details, SOFA score with all its sub-scores, urine output, fluid balance, positive endexpiratory pressure, as well as serum albumin and C-reactive protein levels were documented on days 1, 2, 4 and 7 in the ICU. Caloric needs were calculated as 20 kcal/kg/day for day one and as 25 kcal/kg/day the following study days. Survival data were collected on day 28 after ICU admission. An electronic case report file was used for data collection.
Definitions
The following definitions were used for uniform data collection:
Patient category: medical = no surgery within 4 weeks preceding ICU admission; elective surgical = surgery within 4 weeks preceding admission, scheduled [24 h in advance; emergency surgical = surgery within 4 weeks preceding admission, scheduled within 24 h of operation.
GI symptoms were defined as follows: High gastric residual volumes (GRV) = maximum GRV above 500 ml at least once. Absent bowel sounds (BS) = BS were not heard on careful auscultation. Vomiting/regurgitation = visible vomiting or regurgitation in any amount. Diarrhoea = loose or liquid stool three or more times per day. Bowel distension = suspected or radiologically confirmed bowel dilatation in any bowel segment. GI bleeding = visible appearance of blood in vomits, nasogastric aspirate, or stool.
Feeding intolerance (FI) was considered present when less than 20 % of the calculated caloric needs were administered with enteral nutrition (EN) and at the same time GI symptom(s) were documented being a reason for withholding or reducing the EN.
Intra-abdominal hypertension (IAH) = mean IAP of the day C12 mmHg [12] and abdominal compartment syndrome (ACS) = mean IAP [20 mmHg with new organ dysfunction or failure [12] , with IAP measured in the supine position with zero-point at mid-axillary line with a maximal instillation volume of 25 ml. Univariate analyses of admission parameters were applied to identify the risk factors for 28-day mortality. Parameters with P \ 0.2 in univariate analysis were entered stepwise into a multiple logistic regression model to identify the best combination for prediction of 28-day mortality. Single variables or subscores were preferred against the total SOFA score. Kaplan-Meier curves and log-rank tests were used to compare survival of patients with and without GI symptoms.
GI symptoms were entered separately into a regression model predicting mortality to evaluate the importance of individual GI symptoms.
Receiver operating characteristic (ROC) curves were used to determine the likelihood ratios of different versions of possible gastrointestinal failure (GIF) scores, the SOFA score and the SOFA with GIF scores combined to predict the ICU mortality. The optimal cut-off value was calculated from the ROC curve analysis as the point with the greatest combined sensitivity and specificity. A P value \0.01 was considered significant, adjusting for multiple comparisons.
Results
patients from 40
ICUs were included. The study flowchart is presented in Fig. 1 . Admission and day 1 characteristics with P \ 0.2 for associations with mortality in univariate analyses are presented in Table 1 .
Admission diagnosis was gastrointestinal in 27.3 %, (including hepatopancreatic pathology in 6.6 %), pulmonary 19.1 %, cardiac 17.2 %, neurological 15.9 % and polytrauma in 8.7 %. Other admission diagnoses included renal and vascular pathologies, burns and others. Most common reasons for admission were respiratory failure (22.5 %), shock (18.3 %), postoperative MV after major surgery (17.8 %) and neurological deterioration (16.2 %).
Median duration of MV was 4.0 (2-13), ICU stay 7.0 (3-17) and hospital stay 19.0 (10-28) days. Mean APACHE II score on admission was 19.0 (SD 8.0) points, 278 patients (73.7 %) were treated with vasoactive/inotropic agents. The overall 28 day mortality was 31.0 %. 142/377 patients (37.7 %) had a medical profile, 78 (20.7 %) were elective and 157 (41.6 %) emergency surgery patients; respective mortality rates were 40.8, 17.9 and 28.7 %. One-third of the elective surgery patients underwent cardiovascular, one-third GI, and onethird other surgical procedures.
Daily and global incidences of GI symptoms and IAH for all patients, and for survivors and non-survivors separately are presented in Table 2 . The number of coincident GI symptoms was higher in non-survivors on each day. None of the patients had more than four GI symptoms simultaneously.
The incidence of absent BS was 37.7 % (mortality rate 38.0 %), of overt GI bleeding 6.4 % (mortality rate 54.2 %), of IAH 42.7 % (mortality rate 31.1 %) and of ACS 3.6 % (mortality rate 38.5 %). FI occurred in 140 patients (37.1 %). Prepyloric route for EN was common, postpyloric route was used in 4.3 % on day 1, increasing to 12.9 % on day 7.
Multivariate regression analyses for 28 day mortality including the different GI symptoms, caloric intake \80 % and IAH are presented in Table 3 . The occurrence of absent BS on day 1, GI bleeding during the first two days and bowel distension on day 7 were independently associated with 28 day mortality, while vomiting, high GRV, diarrhoea and the presence of IAH were not predictive.
The reasons for withholding/stopping EN were not documented in 58 % of the cases, and therefore in these cases the presence or absence of FI could not be assessed. EN \ 80 % of caloric needs on day 1 and 2 was associated with better survival. (Table 2) as well as Kaplan-Meier curves with maximum number of GI symptoms, the cut-off point for GIF was defined as three or more coincident GI symptoms listed above.
Gastrointestinal failure (three or more coincident GI symptoms) occurred in 24 patients (6.4 %) and was associated with higher 28-day mortality (62.5 vs. 28.9 %) (Fig. 2) .
Prediction of 28 day mortality in a statistical model including demographic data and admission day variables identified in univariate analyses, GI symptoms and SOFA sub-scores on admission day is presented in Table 4 . The occurrence of GIF on day 1 was associated with a threefold increased mortality, being an independent predictor of mortality together with renal and neurological SOFA sub-score. None of the GI symptoms alone nor IAH or caloric intake \80 % independently predicted mortality.
Regression analyses including daily SOFA sub-scores and the number of GI symptoms revealed increasing number of GI symptoms as an independent predictor of mortality on day 2 and 7 with a tendency towards statistical significance on admission and day 4 ( Table 5) . Only the neurological SOFA score predicted mortality on all study days, renal SOFA score was predictive at three of the 4 days, haematologic SOFA on one day, while none of the other SOFA sub-scores predicted mortality.
The best GIF score with respect to mortality prediction included all six GI symptoms, but not IAH, FI and/or caloric intake, giving points as follows: 0 = no GI symptoms; 1 = 1 GI symptom; 2 = 2 GI symptoms; 3 = 3 GI symptoms and 4 C 4 GI symptoms.
Receiver operating characteristic curve analyses for SOFA score alone, for the GIF score based on the number of GI symptoms and their combination are presented in Table 6 . ROC curves including GIF score were not significantly different from the ROC curves of the SOFA score alone.
Discussion
The current prospective worldwide multicentre study including critically ill patients with an expected duration of mechanical ventilation of more than 6 h demonstrated that a large proportion of these patients had GI symptoms during the first week of admission. Some specific symptoms, including absent BS, GI bleeding and bowel distension, as well as the total number of GI symptoms, were associated with 28 day mortality. Furthermore, an increasing number of GI symptoms predicted outcome independently. However, the study failed to develop an additional dysfunction score that significantly improved mortality prediction of the SOFA score.
The total incidence, as well as the occurrence of the individual GI symptoms, was comparable to earlier observations [1] [2] [3] [4] , despite the fact that the definitions for these symptoms differ somewhat between studies. The proportion of patients with two or more simultaneous GI symptoms was lower in the present study (20 %) than in a previous single-centre study (36 %) [4] . An increasing number of GI symptoms was related to increased mortality in both studies [4] . In the present study, absent BS, GI bleeding and bowel distension were the symptoms and signs associated with mortality, similar to earlier findings [4] . Another previously reported finding that a combination of IAH and FI predicted outcome [9] could not be confirmed in this study, as unfortunately there was a high rate of missing data for the reasons to withhold or reduce EN. Thus, although a final GIF score is still not formulated, occurrence of GIF is, independently of its exact formulation, associated with adverse outcome in all studies.
A major limitation of assessment of GI symptoms is that some of the symptoms are subjective and poorly defined, the most questioned being absent BS. There is a consensus not using absent BS as a reason to withhold enteral nutrition [13] . Absence of BS still should be considered pathological, however. Consistent association of absent BS (despite the obvious limitations of this symptom) with mortality is an important finding of our study. An explanation might be that absence of BS reflects severity of inflammation and hypoperfusion, but also deeper sedation and immobilisation often required for artificial organ support (cardiac assist devices, ECMO, CVVH etc.). The exact doses of sedation and analgesia were not recorded in the present study. There is one previous observation that absent or abnormal BS are associated with higher mortality in univariate analysis [4] .
A high incidence of IAH was observed in the study population (42.7 % compared to 27-30 % in some previous studies [9, 14] ). The possibility to measure IAP was an inclusion criterion, the reason being that previous studies have shown a relation between IAH and mortality The variables entered into the multivariate analysis were exclusively those listed above Significant findings are marked in bold GRV gastric residual volume, GI gastrointestinal, EN enteral nutrition, IAH intra-abdominal hypertension [9, 15] . Furthermore, the IAP value is numerical and reproducible, and as such could be considered as a parameter for a SOFA GI sub-score [12] . The proportion of patients in whom transvesical pressure measurement is not possible (mainly post-cystectomy patients) is extremely small in a general ICU population. In the present study, IAH was not associated with increased mortality, confirming the findings of a recently published study [16] . There are several possible reasons for failure to improve the predictive value of the SOFA score by including a GI dysfunction score. First, there might be a type-II statistical error, since we did not meet our enrolment goal. The goal was based on expected enrolment rates for a fixed study period, but on retrospect the actual enrolment control could have improved our study design. With inclusion of patients on MV for at least 6 h we aimed to minimize the inclusion of ''recovery room patients'' and concentrate on ''real'' ICU patients. Exclusion of spontaneously breathing patients was planned because of different pathophysiological patterns of IAP during MV. Unfortunately, selection bias must have occurred, as in some centres patient enrolment was unexpectedly low and at the same time severity of illness and associated mortality were higher than expected. In a previous study on GI dysfunction enrolling all MV patients staying in ICU for 24 h and showing that GIF score increased the predictive power of the SOFA score [9] mean APACHE II score (14 vs. 19) and therefore also predicted mortality (19 vs . 32 %) [11] were lower than in the present study. Compared to earlier studies in unselected ICU patients, we also observed a rather limited performance of SOFA score predicting mortality [17, 18] . In particular, the cardiovascular subscore of SOFA, usually the best-performing subscore [9, 19] , had a low power in our study. The relative high proportion of patients receiving vasoactive drugs, resulting in high cardiovascular subscores, additionally confirms that the sickest patients were included. The inclusion of more severely ill patients and associated lower diversity of patients might explain that both SOFA and GI score poorly predicted mortality. Moreover, the fact that addition of GI dysfunction did not improve the predictive power of the SOFA score may actually be an important finding of the study. It leads us to the hypothesis that in this general ICU population of severely ill patients not ''primary GI failure'' due to abdominal pathology is the main problem, but rather ''secondary GI failure'' due to systemic inflammation and/or hypoperfusion.
The majority of the patients did not reach their caloric needs via the enteral route, but in many cases the exact reasons were not documented. This may reflect daily practice in study units. These missing data made it impossible to identify the impact of FI on outcome in this study. Former studies have defined FI as\80 % of caloric needs achieved after 48-72 h in the ICU [20] or as withholding EN for any GI reason [9] . In both cases, this highly depends on the local feeding strategy and nutritional goals, which remain controversial for critically ill patients during the initial phase of critical illness [21] [22] [23] . Our observation of EN \ 80 % being associated with better survival is likely biased by not initiating enteral nutrition in patients with an expected oral intake within a couple of days [24] .
Several biomarkers reflecting intestinal function have been suggested recently (I-FABP, citrulline, D-lactate) [25, 26] . Future studies should establish their place in clinical practice and establish their correlations with clinical GI signs and symptoms, as well as with prognosis [27] . Despite being the largest prospective multicentre international study to assess the GI dysfunction in MV patients, the current study has several limitations. First, most of the GI dysfunction definitions are subjective, an issue currently limiting the research in this area. Second, missing data was a considerable problem in our study, mainly because the FI could not be identified in many cases. Third, even though the inclusion of a wide variety of ICUs have made the results more generalizable, it might as well be considered as a limitation due to associated variations in treatment practice. Fourth, the aimed number of patients was not reached in our study. A greater number of patients is needed to create a reliable score in future studies. Fifth, the exclusion of patients with an expected short ventilation period makes our results apply to a population of more severely ill ICU population.
Conclusions
The current prospective worldwide multicentre study shows that a severely ill subgroup of mechanically ventilated ICU patients frequently has GI symptoms and IAH. Absent bowel sounds, GI bleeding, and an increasing number of coincident GI symptoms were associated with 28-day mortality. Based on the data of this study it was however not possible to develop a valid GI dysfunction score that improved the accuracy of the SOFA score. This may either be due to data set limitations, definition problems, or may indicate that GI dysfunction is often secondary to and not the primary cause of other organ failure. A larger study is needed to unravel this possible interaction. 
